Synergistic antitumor activity of metronomic dosing of cyclophosphamide in combination with doxorubicin-containing PEGylated liposomes in a murine solid tumor model.
Cyclophosphamide (CPA) and doxorubicin (DXR)-containing sterically stabilized liposomes (DXR-SL) have a proven clinical activity. We propose that a metronomic CPA dosing schedule enhances accumulation of DXR-SL in solid tumors, because it causes apoptosis in the endothelial cells of the growing tumor vasculature and thereby may increase the permeability of the tumor microvessels. To establish the validity of this hypothesis we investigated the therapeutic benefits of metronomic CPA dosing (p.o.) combined with DXR-SL (i.v.) in a Lewis lung carcinoma, subcutaneously growing in C57BL/6 mouse. The metronomic CPA dosing clearly promoted accumulation and subsequent deep diffusion of SL in the solid tumor as a result of rather a transient increase in the density of CD31(+)-microvessels, which shows high permeability to SL. It appears that the enhancing effect of metronomic CPA dosing is strongly dependent on the dose of CPA as well as on the time at which the treatment was initiated. Our study indicates that the use of metronomic chemotherapy combined with nanocarriers may be of significant clinical and practical importance in treating intractable solid tumors.